ABSTRACT Belonging to the Staphylinidae, the largest animal family known, recent Omaliinae are a diverse and widespread group of rove beetles. There are omaliine representatives known since EarlyÐMiddle Jurassic compressions, but members of the tribe Omaliini have been known only from the Cenozoic. Duocalcar geminum Peris and Thayer gen. et sp. nov. is described as the oldest deÞnitive fossil of the tribe Omaliini worldwide, originating from opaque mid-Cretaceous (latest Albian) amber of Charentes, south-western France. The discovery and description were made possible with the use of the propagation phase-contrast X-ray synchrotron imaging technique, which allows the detailed study of otherwise invisible specimens in opaque amber.
The beetle family Staphylinidae Latreille is the largest family of Coleoptera (Grebennikov and Newton 2009) and is considered also the largest family of any animal phylum. The family currently includes Ͼ60,000 described species, considering extant (99% of the total) and extinct taxa (A. F. Newton, unpublished database, February 2014) .
Omaliinae MacLeay is one of the 32 extant subfamilies recognized in Staphylinidae (Thayer 2005 , Grebennikov and Newton 2009 , Bouchard et al. 2011 . With Ͼ120 extant genera in six or seven tribes, the subfamily Omaliinae is a relatively large group of rove beetles distributed worldwide (Newton et al. 2000 , Thayer 2005 ). They are usually recognizable by the presence of a pair of ocelli near the hind margin of the head, though some genera lack or appear to lack those; well-developed prosternal and postprocoxal processes; and tarsal formula 5Ð5Ð5 (more detailed discussions in Thayer 1995 and Newton et al. 2000) . Newton et al. (2000) additionally described Omaliinae as generally broader in body form than "typical" staphylinids, with a shorter and less ßexible abdomen, and occasionally with long elytra that cover nearly the whole abdomen.
To date, 16 Mesozoic fossil species thought to belong to Omaliinae have been reported: 13 from the Jurassic and 3 from the Cretaceous (Chatzimanolis et al. 2012, Cai and Huang 2013) . Although there are Omaliinae representatives dating back to EarlyÐ Middle Jurassic compressions (Chatzimanolis et al. 2012 , and references therein), Duocalcar geminum Peris and Thayer gen. et sp. nov . is the only fossil placed in Omaliini (in the modern sense) earlier than the Cenozoic (A. F. Newton, unpublished database). In fact, the oldest Cenozoic taxa, Omalium antiquorum Wickham (Coleoptera: Staphylinidae) (USA: Colorado: Florissant Formation, Eocene) and Omalium protogaeae Heer (Coleoptera: Staphylinidae) (Croatia, Miocene) should be reexamined to determine whether they truly belong to Omalium Gravenhorst (Coleoptera: Staphylinidae) or even to Omaliini in the modern sense, in view of changes in taxonomic concepts over the last 100 yr. The omaliine record in amber is even scarcer: D. geminum is the Þrst Omaliinae described from any amber.
Although fossils in amber can sometimes be described in more detail than compression fossils, impurities or cracks in the amber are factors that still hinder description or placement of new taxa. D. geminum was discovered in French Cretaceous amber, which is especially difÞcult to work with because Ϸ80% of the amber is opaque or milky (Lak et al. 2008) . Fortunately, use of the propagation phase-contrast X-ray synchrotron imaging technique (PPCÐ SRCT) results in highly detailed 3D reconstructions of the specimens (Tafforeau et al. 2006 , Lak et al. 2008 , Soriano et al. 2010 , allowing study of inclusions in considerable detail.
The objective of the current study is to describe a new genus and species of Omaliinae from opaque mid-Cretaceous amber of Charentes, south-western France. It is the oldest deÞnitive member of Omaliini, which are previously known only from Cenozoic fossils.
Materials and Methods
Materials. The description of D. geminum is based on two specimens found in a single large piece of opaque amber (amber piece number IGR.ARCÐ370) that was collected in the Font-de-Benon quarry, at Archingeay-Les Nouillers, in Charente-Maritime, south-western France (for location, see Né raudeau et al. 2002 , Perrichot et al. 2007 ).
Two amber levels are known in Archingeay (Perrichot et al. 2010) : the level A1slÐA (latest Albian; Dejax and Masure 2005) is the most fossiliferous of all French Cretaceous amber-bearing strata; the level A2a (early Cenomanian; Gomez et al. 2008 ) contains fewer and less-fossiliferous amber pieces. The amber piece studied herein originates from level A1slÐA. Details on the geology, paleobiota, and paleoenvironment of Charentese amber deposits can be found in Né raudeau et al. (2002); Girard et al. (2009); and Perrichot et al. (2007, 2010) .
Both specimens described here as the same species were found together with other arthropods embedded in the same amber piece: one Hemiptera: Fulgoromorpha, one Hymenoptera: Maimetshidae (Guyotemaimetsha enigmatica, Perrichot, Nel and Né radeau; Perrichot et al. 2011) , three Hymenoptera: Scelionidae, one Psocodea: "Psocoptera," and one Blattodea.
Although Coleoptera are poorly represented in Charentes amber, with Ͻ40 complete specimens (V. Perrichot personal communication) (Perrichot et al. 2004; Soriano 2009; Peris et al. 2014a,b,c; Soriano et al. 2014) .
Methods. Fossils preserved in opaque amber are usually Þrst detected using propagation phase contrast X-ray synchrotron microradiography and then threedimensionally imaged using microtomography (PPCÐ SRCT). This method allows the visualization of the specimens without damage to the samples; it is a noninvasive method (Tafforeau et al. 2006 , Lak et al. 2008 , Soriano et al. 2010 .
Both specimens were imaged on the beamline ID19 at the European Synchrotron Radiation Facility (ESRF) in Grenoble, France.
The specimen IGR.ARCÐ370.10 (ϭscan A018_c) was imaged in local tomography conditions with a monochromatic beam set at an energy of 35 keV using a Ru/B4C multilayer monochromator. To reach a sufÞcient level of sensitivity and details, the propagation distance was set to 40 mm for an isotropic voxel size of 0.678 m. The detector was a FReLoN (Fast Readout Low Noise) CCD camera, coupled to a microscope system with a single crystal YAG:Ce scintillator screen 25 m in thickness. It was scanned in continuous rotation mode with the center of rotation at the center of the Þeld of view, using 1999 projections of 0.5 s each over 360 degrees rotation. The rotation movement was in continuous mode to blur all the structures out of the Þeld of view, and then to decrease their noise contribution in the reconstructed slices (Lak et al. 2008) .
The specimen IGR.ARCÐ370.6 (ϭscan A018_g) was imaged with a monochromatic beam set at energy of 29.9 keV using a multilayer monochromator. The scan was performed at a lower energy with a longer propagation distance (150 mm) to maximize the phase contrast effect. The detector was similar to the one used for the other specimen, but with an isotropic voxel size of 1.4 m. It was scanned in continuous rotation mode with the center of rotation using 1500 projections of 0.5 s each.
After acquisition, the data were reconstructed using a Þltered back-projection algorithm implemented in the PyHST software (ESRF, Grenoble). The residual ring artifacts were corrected on reconstructed slices with an in-house developed system. Data were then converted into 16 bits and cropped to Þt with the size of the specimens. The specimens were later virtually extracted and dissected using a semimanual region growing segmentation protocol in VGStudioMax 2.1 software (Volume Graphics, Heidelberg, Germany).
We follow the family-group classiÞcation of Bouchard et al. (2011) . SpeciÞc terminology for characters follows that of Newton et al. (2000) except for replacing meso-and metasternum (and -sternal) with meso-and metaventrite (and -ventral) , following Lawrence et al. (2010) . Diagnosis. Body more or less oval in dorsal view and in cross-section, with elytra slightly ßattened; apical maxillary palpomere about same width as preceding one; frons of head not elevated in ridge above eyes; antennomere 3 longer than antennomere 4; eyes large; ocelli seemingly present; pronotum with disc convex and punctate, margins Þnely crenulate; pronotal lateral margin with obtuse angle at about midpoint; elytra distinctly longer than pronotum; elytral disc with punctures arranged more or less in longitudinal rows, without impressed striae; elytra covering all of tergum III and part of tergum IV, slightly obliquely truncate at apex, forming shallow obtuse angle at suture; metatrochanter roughly triangular, with pointed apical projection; metatibia with long, narrow, barely tapering and slightly curved spur extending distad from subapex of inner face, surpassing tibial apex; tarsomere 5 longer than 1Ð 4 together on each tarsus; abdominal segments IIIÐVII each with one pair of paratergites, spiracles located near lateral margins of tergites, intersegmental membranes between segments IIIÐVII with brick-wall pattern of sclerites; sternite IX with 2 long stout apical setae.
Description. Male. Body. Slightly ßattened dorsoventrally, more or less oval in dorsal view and in cross-section; sides parallel along base of pronotum and elytra, convergent along abdomen. Dorsal surface with scattered Þne setae and punctures.
Head. Narrower than pronotum, roughly triangular in front of neck, distinctly but not sharply constricted behind eyes. Eyes large, protruding laterally. One ocellus discernible (on right side) in some reconstructions (Fig. 1E, 4BÐC , F). Maxillary palp with 4 palpomeres of roughly similar width, labial palp with 3 palpomeres of similar width; gular sutures well-separated, closest at middle, divergent anteriorly and posteriorly. Antenna inserted laterally under clypeus, between eye and mandible, with 11 antennomeres, apical 5 forming gradual loose club. Abbreviations: ap, apex of tergite VIII; im, intersegmental membranes; msp, mesoventral process; mss, mesotarsal ventral setae; mtp, metaventral process; mts, metatarsal ventral setae; oc, ocellus; ps, protarsal setae; pss, pronotosternal suture; pt, paratergite; sp, spiracle VII; tip, tibial subapical projection.
Prothorax. Transverse, pronotal disk convex, Þnely and randomly punctate, with sparse setae; lateral pronotal margin carinate. Scutellum large, triangular, acute apically. Elytra truncate, exposing 5 abdominal tergites (plus genital segment); elytra moderately convex, disc slightly ßattened, with rows of Þne punctures. Procoxae large, oblique, slightly separated, protrochantins exposed, prosternal process extending partway between them. Mesoventrite coarsely sculptured, impunctate; mesocoxae large, slightly oblique, more or less oval, slightly elongate laterally and apically, protruding slightly, well separated by overlapping meso-and metaventral processes. Metaventrite Þnely and sparsely punctate, indistinctly microsculptured, lateral margins divergent posteriorly; metacoxae contiguous, transverse, extending laterally, reaching elytra; metacoxal-metaventral suture only slightly evident; apical part of metacoxae protruding ventral to abdominal sternite III.
Legs. Pro-and mesotrochanters trapezoidal, metatrochanters more elongate, with pointed apical projection; femora attached obliquely to trochanters, and somewhat compressed; all tibiae with scattered stout setae or spines in apical half to two-thirds, apex with ring of two sizes of spines; metatibia with long, narrow, and slightly hooked subapical spur extending distad beyond tibial apex. Tarsal formula 5Ð5Ð5, protarsomeres 1Ð4 each ventrally with two pairs of distinctly modiÞed spatulate setae, mesotarsomeres 1Ð4 possibly slightly so modiÞed, metatarsomeres with only unmodiÞed setae; tarsal claws equal ( Fig. 1A and D) .
Abdomen. Sternites IIIÐVIII visible, male genital segment (IXϩX) partly visible; sternite IX with 2 long stout apical setae.
Etymology. The generic name Duocalcar, of neuter gender, is formed from the Latin duo-meaning "two" plus calcar meaning "spur," alluding to the two distinctive projections on each hind leg, at the trochanteral apex and near the tibial apex.
Duocalcar geminum Peris and Thayer sp. nov.
Holotype. IGR.ARCÐ370.10, complete specimen, male, preserved in a piece of fully opaque amber in syninclusion with the paratype and other arthropods (see Material). Holotype imaged by synchrotron microtomography (ϭscan A018_c); deposited in amber collection of Geological Department of University Rennes 1 (France). Paratype. IGR.ARCÐ370.6, complete specimen, male, preserved in a piece of fully opaque amber in syninclusion with the holotype and other arthropods (see Material). Paratype imaged by Head. Eyes large, with medium-sized facets; frons and clypeus not elevated; frontoclypeal suture not differentiated, clypeus apically truncate, labrum inserted below clypeus, about as wide as apical margin of clypeus; labrum medially emarginate, with rounded apical margins. Maxillary palpomere 1 shorter than 2, palpomere 2 narrower basally than apically, subequal in length to palpomere 4, obliquely truncate apically; palpomere 3 roughly quadrate, 0.3 times length of and similar width to palpomere 2; palpomere 4 parallel-sided, slightly narrower and 3 times longer than palpomere 3. Labial palpomeres 1Ð3 roughly parallel-sided, 3 slightly longer than 1 and Ϸ1.5 times as long as 2. Gular sutures separated at closest point by about length of maxillary palpomere 4. Antennomeres 6 Ð11 increasing in width, 7Ð11 forming a loose club (Fig. 4CÐF) ; antennomere 1 longest, 2.3 times as long as wide and 1.5 times as long as antennomere 2; antennomere 2 ovate, its basal insertion in antennomere 1 very wide, clearly visible, antennomere 2 widest at two thirds from base, similar in width to antennomere 1; antennomere 3 0.8 times as long as antennomere 2, narrow basally, width increasing apicad, maximum width 0.4 times that of antennomere 2; antennomeres 4 Ð 6 each a little shorter and wider than preceding, 0.7 times length and 1.1 times width of antennomere 3; antennomere 7 quadrate, 1.3 times as wide and 1.1 times as long as antennomere 6; antennomeres 8 Ð10 quadrate to transverse, each 1.3 times wider than the preceding one, 8 Ð9 about same length; antennomere 11 longer than each of 2Ð10, 0.8 times length and 1.4 times width of antennomere 1, similar in width to antennomere 9, apex acute, narrower than base.
Prothorax. Length 0.41 mm, maximum width 0.58 mm (holotype), 0.57 mm (paratype); prothorax Ϸ1.4 times as wide as long, widest and obtusely angulate at middle of lateral margins; pronotum with anterior angles hidden in dorsal view, forming approximately 90Њ angle in lateral view, posterior angles slightly obtuse, posterior margin more or less straight; base of prothorax slightly narrower than across bases of elytra. Pronotal hypomeron and its postcoxal process (Fig. 1B) well-developed; pronotosternal suture distinct (in holotype, Fig. 1B , less so in paratype); prosternum coarsely sculptured, seemingly impunctate, length before procoxae as long as procoxal length; external part of trochantin about half as long as procoxa, pointed laterally and with keel along middle; prosternal process short, 0.5 times as long as procoxae, sharp apically. Mesocoxae separated by 0.3 times middle width of a mesocoxa; mesoventral process extending about half mesocoxal length, overlapping metaventral process, apically rounded. Metaventrite 1.3 times as long as mesoventrite; metepisternum roughly triangular, as long as metaventrite, margin between them strongly evident; posterior margin of metaventrite more or less transverse, metakatepisternal suture visible anterior to it. Metacoxa with vertical posterior face, excavate near apex, covering base of metafemur in repose.
Elytra. Length 0.71 mm (holotype), 0.72 mm (paratype); combined elytral width 0.71 mm (holotype), 0.63 (paratype); elytra 1.74 (holotype) or 1.79 (paratype) times as long as pronotum; with parallel margins. Anterior elytral angles straight, lateral margins carinate, sutural margins apparently with typical interlocking ridges, posterolateral angles rounded. Wings fully developed (Fig. 2C) .
Legs. All legs of similar length, femora widest at middle. Tibiae nearly as long as femora, wider apically than basally, with broad setae in rows along them; metatibial subapical spur 0.3 times as long as tibia. Protarsi 0.6 times as long as corresponding tibiae, 0.6 and 0.7 in meso-and metatarsi, tarsomeres 1Ð 4 slightly oblique in lateral view, of similar shape and size, extending ventrad slightly and with long setae on the ventral extension; setae on protarsi (2 pairs per tarsomere) ßattened and greatly enlarged apically as spatulate (presumably tenent) setae (Fig. 1A and D) , those on mesotarsi possibly weakly modiÞed (Fig.  1A) , those on metatarsi simple (Figs. 1A and 3) ; metatarsomere 5 as long as 1Ð 4 together, apically truncate, with two equal simple claws.
Abdomen. Segments III to VIII decreasing successively in width. Abdominal segment III covered dorsally by elytra, 1.6 times as long as segment IV; abdominal segments IV to VI similar in length; segment VII 1.5 times as long as VI; segment VIII 1.7 times as long as segment VII, strongly narrowed to truncate apex. Segments IIIÐVII each with one pair of paratergites laterally, spiracles in lateral margins of tergites IIIÐVII, placement on segment VIII not clear. Sternite VIII apex broadly emarginate medially, with an apicolateral tooth on each side; medially impressed over apical half, with tooth on each side of impression (Fig.  2E ). Segment IX with two broad laterotergites ventrally overlapping narrow sternite IX, latter with 2 apical setae slightly longer than segment VIII; boundary between tergites IX and X not discernible, probably hidden within segment VIII.
Female. Unknown. Etymology. The speciÞc epithet geminum is a Latin adjective meaning "twin-born," in reference to the discovery of both specimens in the same piece of amber.
Discussion
Placement of the new genus in Omaliinae is supported by several features. First is the presence of ocelli (seen as raised bumps) between the posterior margins of the eyes (Newton et al. 2000) . Although both ocelli are not clear in either specimen at the same time, one ocellus can be seen in each specimen. Numerous other features preclude placement in any of the other staphylinid groups known to have a pair of ocelli (Microsilphinae Crowson, Glypholomatinae Jeannel, and Neophoninae Fauvel). Newton and Thayer (1995) described Omaliinae as having a more or less ovoid body shape, large solid prohypomeral postcoxal processes, relatively long elytra, contiguous and broad metacoxae, and each abdominal segment with one pair of paratergites; all these characteristics are present in D. geminum. Although the spiracles of abdominal segment VIII are not visible in the new taxon, it has none of the specialized antennal or mouthpart features of Microsilphinae, which lack spiracles on VIII (Newton and Thayer 1995) . Another feature found in winged Omaliinae that is not visible in Duocalcar is the presence of paired wing-folding patches of minute spicules on one or more abdominal tergites (Hammond 1979, Newton and Thayer 1995) ; the absence of these microstructures in the reconstruction could be an artifact. The presence of 1) maxillary palpomere 4 as wide as 3, 2) spines on the outer surface of the protibia, 3) well-developed spiracles on segments IIIÐVII, and 4) brick-wall-like sclerites on abdominal intersegmental membranes IIIÐVII and the absence of an external transverse connection between the gular sutures contradict placement in Proteininae Erichson (maxillary palpomere 4 narrower than 3, no preapical protibial spines, spiracles atrophied on segments IVÐVI, no such sclerites; connection present; Newton and Thayer 1995) , some genera of which resemble the new genus. Within Omaliinae, based on general appearance the new genus could be mistaken for Eusphalerini Hatch, but tarsomeres 1Ð 4 are not widened as occurs on all legs of Eusphalerum Kraatz (Coleoptera: Staphylinidae), the single known genus in the tribe. Having maxillary palpomere 4 usually as wide as 3, tarsomeres 1Ð 4 together shorter than tarsomere 5, and antennomeres 7Ð10 quadrate to transverse, forming a loose club, argues for placement in Omaliini (Newton et al. 2000) . A number of potentially derived features of Omaliini unfortunately cannot be assessed in the fossils: anterior tentorial arms reduced; maximum of 1 preapical tooth on each mandible; presence (in winged taxa) of a seta-rimmed transverse groove posteriorly on tergite III (Hammond 1979) ; and female with a sclerotized (usually 2-chambered) spermatheca (M.K.T., unpublished data). Empodial setae are not evident in the reconstructions, but that may be an artifact of preservation, resolution, or both.
Within Omaliini, Duocalcar resembles or shares similar features with the extant genera Hapalaraea Thomson, Acrolocha Thomson, Phyllodrepa Thomson, Xanthonomus Bernhauer, Omaliopsis Jeannel, and Acruliopsis Zerche. Duocalcar is less convex than Hapalaraea, lacks the very narrow third antennomere base found in both that genus and Acrolocha, and has the pronotal lateral margins angulate instead of evenly rounded. It is intriguing that some species of Hapalaraea have modiÞcations of the male metatibiae, although those are laminar rather than cylindrical projections (K. T. Eldredge and M.K.T., in preparation), and of the male metatrochanters (somewhat different in form). Some species of Acrolocha also share with Duocalcar the possession of a sharp projection on the male metatrochanter (Steel 1957 ), but they differ from the new genus in having distinct paramedian and sublateral pronotal impressions. Duocalcar shares with Phyllodrepa the pronotum with right-angled anterior corners (visible in lateral view of Duocalcar, Figs. 1A and D and 2B, E) and long ventral tarsal setae, but Phyllodrepa has the gular sutures closer, almost in contact, and the elytral punctures not arranged in rows. (Phyllodrepa and Hapalaraea differ from each other in having versus lacking visible dorsal tentorial pits; those pits are not discernible in the images of Duocalcar, but that may be an artifact: they are not always evident in scanning electron micrographs.) The protarsal setae of DuocalcarÑan extreme version of a modiÞcation found in males of numerous generaÑ are reminiscent of those of Xanthonomus, but in that genus (allied to Phloeonomus Heer) the modiÞed setae occur on all tarsi, maxillary palpomere 4 is distinctly narrower than 3, and abdominal segments IIIÐVI lack paratergites (Steel 1955) . The tooth-like projections on sternite VIII in DuocalcarÑ highly likely to be male secondary sexual charactersÑ bear some resemblance to the single pair characteristic of male Omaliopsis spp. (M.K.T., in preparation), but are in a different position. Omaliopsis spp. also differ in having tarsomeres 1Ð 4 much shorter than 5 and the pronotum bearing paramedian and posterolateral impressions instead of being evenly convex. Duocalcar resembles Acruliopsis in the convex disk of the pronotum and the obtusely angulate lateral pronotal margins, but Acruliopsis species have the frons and vertex of the head distinctly elevated above the eyes (like a few other genera), medium-sized or small eyes, a small scutellum, and the elytra apically truncate in a straight line. There are also characters of the male genitalia that distinguish the extant genera mentioned, but unfortunately it is not possible to assess those in the available reconstructions of Duocalcar.
As alluded to above, the modiÞcations in Duocalcar of the protarsal (and perhaps mesotarsal) ventral setae, metatrochanters and tibiae, and sternite VIII are similar to male secondary sexual characters found in several different extant genera of Omaliini. Both specimens of Duocalcar are males, so it seems likely that these features are likewise male-only characters, but conÞrmation or refutation of that will require discovery of female specimens.
Most extant species of Omaliini are associated with mesic temperate forest biomes, and many of them live in the litter layer, though others live subcortically in logs or on fungi. As far as known, these are primarily predaceous or saprophagous, though some could be mycophagous. A fewÑincluding many of the relatively scarce tropical representativesÑare pollen feeders found in ßowers (Newton et al. 2000) . Coniferous forests support a signiÞcant proportion of the Omaliini in temperate areas of both northern (Pinaceae-or Cupressaceae-dominated) and southern (Podocarpaceae-or Araucariaceae-dominated) hemispheres. The discovery of D. geminum in the araucariacean-derived Cretaceous amber of Charentes (Perrichot et al. 2007 (Perrichot et al. , 2010 suggests that the association of Omaliini with coniferous forests is at least 100 million years old.
Conclusions
D. geminum is the Þrst Omaliinae described from any amber, increasing the minimum age of Omaliini to Ϸ100 million years, from Eocene to latest Albian. The new taxon has what are probably male secondary sexual characters that resemble those found individually in different extant genera of Omaliini. The discovery and description were made possible with the use of the propagation phase-contrast X-ray synchrotron imaging technique, which allows astonishingly detailed study of otherwise invisible specimens in opaque amber.
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